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Various works have shown the presence of t rnedl8Il isms in 

which fDeilitntc the of and urate across 

membrallcs. In his on 11lmnmalian 

pathophysiology B. Weber obsenred that high amolUlts of were 

in Black rhinoceros cryt 

occnsion, be idenlified in cry 

es, <md that uric acid on 

extracts of other (human, 

and cow). This latter obSClvation call1.c as C\ since it is known that 

l11arnmalian lack the to rnetabolisc urate. Al an 

antioxidallt role ror from the al results 

obtailJed B, Weber, 110 clear be fonllulated to the 

presence of w'ate within eryt 

The aim of this was to the mcchanislns which llratc 

and are metabolised in human aud horse and to 

est<lblisll their roles within 

Most of I he were uSlI1g Perfonnanct' 

PLe), for whid1 were 

Perchloric acid extraction The nntioxidal1t abilities of certain 

were measured an Ul~AC radical absorbance 

assay, and h1ter, a cell culture was set up to 

on fibroblasts exposed to free assess the effect of 

radicals. 

iii 
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of race horse ext pre and 

exercise of urate levels were ohserved, The urate level paltenls 

wbe influenced by oxidative hut were not 

consistent over short of time (Le. 24 hI's 72 A 

however, with that exercise could induce a 

increase of urate levels in horse 

With ORAC assays, it coulrl he demonstrated th8t urate and were 

both able to behave as antioxidants towards 

AAPH. The antioxidant of ill 

radicals generated 

ar, seemed to be 

horse 

within horse extracts, which 

may be able to act towards 

exercise. 

tbat urate in 

free radicals 

Urate WelS observed to disappear within 24hrs of extraction in 

human c which made it rlifficult to ,,<,<'In1'n. ts 

on human extracts over a long orUme. An of this 

revealed tlIa t 8trOl ini1ucllced Ilrate levels 

within whole erythrocytes and extracts. The reasons for urate 

ill human wf're unclear, however, it was su 

that was shown to possess 

candidate for the of 

urate from extracts. ]n the presence of either haem or alone 

urate was not . llowr:ver, in th(~ prr:sencc of both haem 

and cOllverted to at least three The elution 

tilnes and between these sand a11antoin wen: 

very that these molecules have structural similarities. 

i\' 
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The of urate caused haem, in the presence of showed 

similarities with the uricase reactioll. , the allantoin prodllced in 

tbe lattcr reaction did not have a structure identical to that of an allantoin 

marker. 

The addition of with or without to the urate precursors 

110 observable effects, 

Other oxidants were tested to compare 1heir effects to tbat of 

showed that HOC! urate but with no observable 

uets on and that AAPH showed no observable effect on u 

which seemed to contradict results obtained the ORAC assays, where 

an interaction betwecl1 urate and radicals, by AAPH, could 

be ShOWIl, 

Urate and was m human Hnd horse 

urate :Jlld area variations in 

extract, The of these two was 

demonstrated in human bu t not in horse 

The of lJrate and could be linked to "mtioxiciant 

mecl allowing the to enter the 

environment to sCHvenge free radicals accumulated 

intracellu lar 

oxidative shess. 

Fibroblast cllltm'e 

fibroblasts by 

showed ::lome evidence of protection of 

radicals. It could not be 

est;,bli however, whether the of erythrocytes in n,-,ntr.'r' 

oxidative was Urate- and 
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did not show better of fibroblasts to other 

This then, the antioxidant roles of uric acid aud 

urate which could be associated with 

antioxidant rnechanisms . The lity or urate being able to playa. 

role for and ot her tissues has been mentioned. 

\') 
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· micro Curie 

3 NT: 

AAPH: '2 

AD: Alzheimer's Disease 

AMPS: Ammonium Persulfate 

BPE: 

dH Distilled water 

EAE: 

nSH: Glutathione 

HD:Hu 

Peroxide 

Disease 

HOCl: Hypochlorous Acid 

HPLC: .Perfonnance 

Hx: 

1no: Inosine 

iNOS: Inducible Nitric Oxide 

LNC!: 

MetHb: 

Potassium Chromate 

Nil rogen 

MS: MultipJe Sclerosis 

NO": Ni1ic Oxide 

Radical 

free radica I 
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Buffer 

PCA: lode Acid 

PD: Pa.rkinson's Disease 

RBC: 

SOD: 

UA: Uric Acid 

Xa Xanthine 

xC): Xanthine Oxidase 

acid 
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1: 

1.1 

are well known for their 10 oxygen and carbon 

dioxide across the organism. Their fllnction is not limited to this however; 

are also abk to across their 

various other substances such as amino water, nucleosides and 

sugars 1231, These are across membranes 

mechanisms that arc coordinated and by many 

and ion pnmps, for 

ill stance, is t. 011 a cin structure intrinsic to human 

which relies upon the involvemenl of sulfhydryl groups [these 

are thiol groups that arc essential ill the structural il of 

the h racy 1 (; mem bnUi e) [231. Three 1 ra 11 for alnino acids 

have been described in hUl11c\rl 

The which is the for neutral <Imino 

acid s [19!, 

The for dibasic amino acids [191, 

The l' which is directed towards aro1l1atic amino acids (191. 

Studies have shown that occurs by both the L and the T 

s 119], 

Eryt have also been shown to be involved in uric acid For 

instance, in Folin and identified the presence of uric acid in 

human and in 19b I, [1. V Lassen demonstrated urate inllux 

and efflux across Inenlbrancs i18 1, Lassen's showed that 

the kinetics of uric acid are similar to the kinetics of rnost active 
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s, which rules out any for diffusion of 

urate across mcm branes. This SI thaI uric acid ellters 

human or carrier" 

ITlcchanism 1181. However, Ihis mechanism has elucidated. 

whether the Lassen which consisted of 

of urate was upon the of the mediurn used to 

su He to show that urate is tnm 

rnorc values, which indicates that uric acid is 

through the l1lembnHIC in the acid (ornl [181. 

Illterest in erytl urate and when B.W. Weber observed 

llw presence of tyrosine in bluck rhinoceros in amounts 

that exceeded those of most other mammalian The 

results of further that an antioxidant 

and might contribute towards ing the 

1221. the course of his Weber also noted when 

extracts from other mamrnalian cryl were by 

Perforrnance Liquid [HPLC), an unknown was 

observed in HPLC lmces. This was later identified as 

uric ilcid. Levels of uric 

eVen within the same 

horse. The reasons for 

remained unclear. 

The aims of this 

Ii To 

arc 

however, varied greatly across 

the levels were 

and the role of uric aeid in the 

the met a bolism of uric acid (or 

in human and horse 

and 

in the 

and 

') 
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• To test tile that this a role in 

antioxidant rnechanisms th;1I can the 

or other tissues in the microenvironment 

free radica Is. 

1 

Free radicals are chemical witb electrons thaI are often, 

but nol and that have a transient existence. 

Because 01' their high reactivity, free radicals are able to ca use to 

most cellular macromolecules such as s, and 

lipoproteins. llowcvcr, many aerobic utilise metabolic processes 

that are based on free radical reactions , and 

the reactiOl1 of these metabolic processes can be if not 

controlled. 

Free radicals are not formed as of aerobic metabolism. 

are also formed the action of cnvirOlHnental and as 

o toxic weapons of the immune and of responses. 

For activated fluxes of 

.) and tlCl' 

nitric oxide (NO), the inducible enzyme nitric oxide (iN 

[ 1], 

Reactive oxygen , which rOITn <) of free 

are of reactions involved in the reduclion of " The 

reduction of involves the transfer of 4 electrons per oxygen 

molecule to the oxide 0" ion, which has H stable electronic 

Illtcnnedia le levels of reduction arc, however, 

"' .) 
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The one-electron reduction of 02 produces the superoxide free 

radical anion 02-. 

Further reduction produces the peroxide ion 022., which in the 

protonated form can bind to a hydrogen molecule to form 

hydrogen peroxide (H2 0 2). 

In the presence of oxidisable transition metal ions, such as iron 

and copper, peroxides are broken down to the hydroxyl free radical 

OH·. OH· is highly reactive and is able to abstract a hydrogen atom 

from a wide range of organic compounds. 

Reactive Oxygen Species (ROS) 

These three reduced oxygen products (i.e. 02-, H202, and OH·) constitute the 

Reactive Oxygen Species (ROS). 

All reactions in the bioenergetics scheme are completely dependent on the 

transfer of electrons to dioxygen (21. However, about 98% of the oxygen 

metabolised is handled by the mitochondrial enzyme cytochrome oxidase 

alone. This enzyme transfers 4 electrons to oxygen in a concerted reaction to 

produce two molecules of water (21. However, 1% to 2% of the total electron 

flux through the mitochondria leaks out through at least two sites in the 

electron-transport chain: complex [ and ubisemiquinone. The electrons leak 

out to waiting oxygen molecules, resulting in the formation of 02-. 

The free radical nitric oxide (NO·) is generated in biological tissues and is an 

important regulator of a wide range of biological functions (31. Recently, it 

was recognised as a signalling molecule (41 which plays a critical role in 

modulating vascular tone. However, NO· also has cytotoxic and genotoxic 

effects through its ability to damage proteins and DNA. It destroys the iron-

4 
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sulfur centres of key cnzyrnes such as acO! which has an 

role in cellular energy Nct can also DNA nitrosa live 

deaminatioll of DNA to the forma tion of m s 

[41. Nitric oxide can combine with • to form (ONOO), which 

induces variOllS oxidative processes peroxidation 

151. 

1 

The excessive or inslIfficient of [<os constitutes 

oxidative stress. Some of the various exogenoll s stresses that may cause all. 

oxidative wave arc: 

radiatioll, which can 

Increase ill oxygen slLpply (1 

natural formatioll of 1<08. 

and singlet oxygen. 

, which may increase the 

Stimulation of the immune syslem, which may lead to a massive 

local of RUS and HOCI (hypochlorous acid, the 

beccHlse of the activities of NADPH 

oxidase and in the 

Some xcnobiotics can also boost the of ROS [61. 

Oxidative stress contributes to neuronal death in a range of 

diseases such as Alzheimer's disease (AD), Parkinson's 

disease (PD), disease , and Multiple sclerosis ( 171. In 

for the process, which is characterised by 

tremor Clnd involves mitochondrial and 

increased levels of oxidative stress [8J. Tbe latler may arise from the 

metabolism of to the autoxidation of dopamine itself. This 

autoxidation leads to the of which in turll lead to 

of ROS [91. 

5 
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Free n-HJical to and DNA can also a role in 

the of autoirnll1unc diseases such as rheumatoid 

systemic lupus s, illsl1lin diabetes mellitus and 

atherosclerosis [101. In these autoimmune diseases free radicals seem to be 

factors in perpetuating the chronicity of illi12l1nmation and in prmh 

potCIl tin 1 au to a th biomolccule denaturation. 

Other diseases in which free radicals are of pat are: chronic 

tissue and ischemic injury. 

1 

In order 10 avoid Ihe consequences of uncontrolled free radical 

reactions, all aerobic organisms have an array of protective 

antioxidant mechanisms. lie antioxidant mechanisms constitute the 

of antioxidant eliminal u ndesi rahle toxic 

n1CiUlS of Fmnilies of antioxidant enzymes include: 

Su dismutascs for the elimin8tion of radicals. 

Catalases and for tl1l:' eliminalion of 

(6J 

In addilion to antioxidanl enzymes, there are a Ilurnher of low molecular 

11laSS which can elI1 role in free 

radical processes in These slJbstallces are agents or the 
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1 

Uric acid llm te) is anal of metabolism 

known to scavenge for 30-

65'% of the tol<11 radical 

), and 

ability of human sma 1121. The 

of urate was 

of on mice that developed a 

, which 

et ar [111 in a series 

form of 

that are similar to Multiple sclerosis in humans (MS). Both discnses arc 

dlanlcterised in the central 

IIClvOUS . In his admillistered various doses of uric 

acid to afft:cted mice at different time intervals and found that uric had 

strong t effect S in a dose rnal1l1er, su that 

urate has an inhibitory effect on peroxynilrite-induced lipid in 

tbus that urate could 

the or production of eNS 

a role in 

inMS 

down or inhibi 

1111. An observation 

consistent with these results is that 

lower levels of serum uric acid than healt 

and MS seenl to be mu1 ually exclllsive. 

with MS have 

ricemia 

A sl on showed that urate was able to 

attenuate intlamnwtion, blood brain harrier , and 

iutra--crallial by UNOO 1271 

1n addition to ONOO , urate is also able to scavenge singJet 

oxygen initiator as well), and hydroxyl radicals 

from II 

suppresses lipid 

by either FeSOI or UV 11:~1. Uric acid ,1180 

in erythrocytes, down the process of 

erythrocyte 1131. 

7 
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When cells become oxidal 

and then 

stress OCCllrs in mHny cell 

response to oxidative 

In vitro studies of 

protein modificCl tion 

formation of covalent 

oxygen radic81s and related oxidants showed the 

between residues to form di 

oxidative stress. The formation of has been attributed 

to the activation of the 

[14] 

of and and other 

have been 

rosine, then, can be used 

modjfication of 

idelltified in human a 

and oxidatioll in 

to be with oxidative 141. 

Tbe molecule con tains a group, 

abilities to the molecule since various have 

been shown to be able to scavenge ions and to suppress the 

of [151. 

was also conferred abilities when it ,vus in 

that in the to 

or loss of the TYR 1 gene fUllction of 

towards [151. 

of several 

fluid known to contains various 
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, researchers could establish that 

contributors to its total antioxidant 

is one of 1 he 1110st 

[251. 

1 

lnenlbranes are to exogenous ROS like and 

However, contain amounts of antioxidants such as 

tat hiolle, and dismutase, which enable them to deactivate 

ROS that diUuse t their Inembrancs. These enzymes, 

account for the of of erythrocytes 1161. 

A number of studies have that can scavenge H.,(j), 

the formation of 

neutrophils 

are abk to 

and HOCI in the blood 1161. eliminating 

are able to cause a decrease present 

within the nell s, and this in turn leads to an inhibition of neut 

osis ! i()I. Sim ilady, arc able to inhibit the TceH 

process, starter! after m activation of IUlman blood 

TcelJs 117] in a process which also involves ROS 

Hence, have the 

that is able, for 

in the hlood. It has not been 

tiSSl.leS can also be 

radica 1 ~J1]ediatcd 

to constitute a antioxidant 

to snppress and T cell 

whether other cells and 

by free 

In this study, attempts are made to define t}w role of 

urate in Inarnrnalian and to set> whether these roles arc 

Clild 

9 
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consistent with a more in protecting 

tissues. 

10 
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Blood sam were Inainly collected from horse and human 

beca use these were more available than from other 

Horse blood were obtained from the Blue Cross tal 

and from horse owners at events, while human blood were 

obtained from healthy in the ment of Chemical Pat 

Blood were collected from Stl bjects in to steri Ie vac- u -test 

lithium tubes, The were cent for lOmiIl at , 1n a 

350X , in order to separate erythrocytes from and 

coat. The were then washed three times in an isotonic 

sollltion of O.9'~;() NaCl(9gjl), and used for s. 

When collected blood were not intended for immediate use the 

were froi:en down in as follows: 

washed were dill! ted 1: 1 in a mcdiulll 

J25mM Glucose, !")OmM Na ,1'11(' mixture was thell frozen Itl 

nilrogen and then stored at ·'{(J°C, con ld he kept 

in tllese conditions for several months. 

II 
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In s in section 2.4.2) washed 

were Sll to one volume of saline and two volumes of ice 

to erythrocyte s. cold L2M Pcrchloric acid 

peA was added while with saline 011 a Vortex-

vortex mixer 

were then 

Industries Inc., New 

centrifuging the extracted in an 

til (Lasec, . Ltcl) for 20 seconds. The was 

collected and neu trali sed wi th 2. 5M to > 7. Crystals of 

which fonned du were 

ion for 10 sec. Extracts 

were then i onto a column 

for 

Erythrocyte extracts were l~cven;e Phase HPLC. The HPLC 

consisted of a Beckman 126 solvent module 

connected to a 168-diodc array detector. The column used for 

ODS column . After extensive 

usc, this column was a 250X4.6mm C] 8 (5wlll 

column lnstruments Inc., San Rarnon, California, USA). 

The buffers for HPLC ClJ were 10mM 

at A) and 50% Methanol Methanol 

for lIPLC) Buffers were made up in df'ioniscd water, filtered and 

then "'~h~"'" 

12 
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lnitial cOlJditions for HPLC aJ were 1 ,~,;) bu1Ter B and 99~~) buffer A. 

After :)min these conditions were over 3min to 20% buffer 

Band 80';1., buffer A. Conditions were maintained as for 15rnin, then 

returned to initial over another ~~min. The total running time for 

was lOsec 1221. 

A volume of 1 OOlll of each to be (5Chtl for human 

was ed iuto the column, and UV absorbance WHS monitored at 260nm 

and at 280nIn. When allantoin detection was were sct 

al 220nm and 280nm [this is the rnaximum absorbance of allantoin 

occurs in the of 220nm and 

their retention tirne, ralio 

t s! s and maximum absorbance [221. 

were identified by 

, co-elution with 

In order to determine tyrosille and urate concentrations in the 

the ure was followed: 

Solutions of uric acid and were mHde up a1 various 

concen tra lions: 12.S[IM, 2SpM, SO~lM 

_'-' ___ ' __ ""'",~ __ ':."-'. 2S,!M, 50pM, IOO,IM, 200,lM, 400,IM 

Each solution was on Hand HPLC from each 

analysis were llsed to evaluate urate or areas, 

Standard were ohtained the area of the 

in each solUliOll the known concentration. 

1 shows the s that were obtained. 
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II 10 

UA 

, 
30 

,--
40 

Concentration (pM) 

. FI91.1~_.1: Standanl 

50 

(J- ------r------ 1-- -1 , 
D 1 DO 200 30() 4110 

Coneen Irat ion (pM) 

of uric ilCid 'lOd Iyrositw . 

When cotlccntrations needed to be deduced from HPLC 

the dilution factor of 1:4 (introduced with the addition of PCA and saline to 

needed to be tHken into consideration. Hence, 

area values obtained from BPLC traces were mull 4 to obtain the 

concentrations (in p.M) of tyrosine or urate in intact 

.1 

AnI ioxidant of urate, ) and extracts WE're 

evaluated u an ORAC assay (20). This assay utilises the free 

sensitive fluorescent to monitor 

the effectiveness of RPE from 

free radicals. Thc s used in ORAC assay mixtures were' 

., 
500 

14 
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2,2' Azobis 

Aldrich Chemical , which is a pcroxyl radical 

or. 

,5,7 ic acid (or 

Trolnx, Aldrich Chemical Inc,), a known antioxidant 

used here as a control [271, 

The BPE solution was made up in PBS buffer by diluting BPE in the 

[01 

BPE stock snlut in lO.5ml PBS 

The BPE solution was for lise after a IS-min incubation at 

TiOC, 

URAC assays were using an Aminco, SPF-500 Fluorometer, and 

reaction mixtures were set up in cuvcttes as shown in table 1 below, 

!, ()I~AC ~ISSHy n'ngt'nl :llld t he'tf 
proportions III trw ITiH'tion mixture. 

'k Thl' krrn "Sillnpk'" !'('fers to "ilhrl" of 
1 he foll, )W{Jl~: 

Lk\!'i I )(:')'1'1'; ('XlrtlCtS rlillll,'d 
I "'~~(J I'll 111 I}l{:~ 

1 Jj[d(' nl" h'PJ,<-.. ll:; ",LHion, 

'!1 M 

Reagents Blank Trolox 

Phosphate hunt·r, 200pl 100pl 
O"(:iM 

1 (lOpl 

Smnplt' . ~J,()Op I 

Bl'E,O,(HpM I hOOpl I (,OOp] 

AAPH,40mM .!,OOp] LOUpl 

were added to a final vol ume of 2 ml in 10mm wide 

and reactions were started with the addition of AAPH. 

Fluorescence was m,easured every 10min at the emission and excitation 

wa,velel of ~,)65nm and 540nm 

15 
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The of a fluid is the number of 

rnicromoles of radical J litre of lluid. The ORAC value 

refers 10 the net protection area under the BPE curve ill the presence 

of sma or trolox or other minus the blank, whicb is 

with buffer 1201. 

The ORAC value is calculated the formula below. This formula uses a 

s1oichiometric factor of 2 for trolox becclllsc J prno\ of trolox is able to 

2pmolof r3dic31s [201. 

ORAC value /1) '" 2k X s / trolox - S 

WtWrt': 
"I.;" is lilt' dilu\H.H1 fili'tOr, 

":)." lS lilt, In)]u.'; sioichiollll'i riC" faciol, 
.,s" is lhl' ;1["('<1 under lh,' Ul'E ('urvc lAUe) in Ihe pn'st'OU' of the sample 'Jt lrol()x; 

"S" IS the final C<H1Ct'nlnlllOl1 oJtrnlox (in p 

III lIifro were to assess the of 

haem on Ilrate in the presence of A stock solution of 1 ruM bernin 

(bovine, fronl was ill 20mM NaOH (Sarchem), and was 

added to ara I.e and to a final concentration of lOpM. Urate and H"O) 

were used at concentrations of lOOpM und 2mM 

were incubated at 3TC for a few [bell run on reverse 

HPLC for analysis, Control reactions did not contain either hemin or 
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Its were COll(illcted with a hematocrit of 10 In one 

of tile followillg incubation buffers on the conducted: 

PBS (140mM NaCl, '7mM ,2.5mM lOmM 

[28]. 

buffer" (140mM NaCl, SmM KCL 2mM MgCl), 

15mM 1191. 

Sucrose buffer sucrose, 20mM {211, This was 

used for urate studies to facilitate urate 

111 

lli-wks balanced salt solution [261. 

Each buffer contained either 0.5mM urate or I mM and was 

ustcd to '7.4. 

Tissue culture were performed in order to the 

and 11l cultured human 

skin fibroblasts various oxidants. 

Cultured fibroblasts were 

made up ill and 

(with o. 125';;'J in O. 

onto 24 welled with fresh 

mediunl: 

DMEM with Na , lOOOmg/l with 

or 

DMEM with '1. 1 glucose withou1 Bio 

+ Glutamine 

I· 
Cells were allowed to settle and medium was washed off the 

following with Hanks hcllancerl salt solutioll. This was ,.."","'--"" 111 

for an incubation of [ibrobl3sts in Hanks solution 

AAPH in the presellce of radioactive labels: l~tCi/llll "H, 

17 
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ml ! IC~uridine~ Both labels were used in 

the presence of the oxidants to whether RNA or 

were ways to monitor cdl 

After a 4hr-incubation nF'nnI1 of 

the labels and the 

times with trichloro-acetic 

dissolved with 

vials 

When 

solution 

fibroblasts at different amounts (i 

were washed 

TeA. 

uded in 

with 

presence of 

were washed off three 

then 

1: 1 00 

the 

the 

with 
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Chapter 3: RESULTS 

3.1 Urate dynamics in racehorse erythrocytes: 

During the initial stages of this study, erythrocyte extracts from the following 

mammalian species, human, horse, rhino, and cow, were analysed by HPLC. 

Each sample was collected from animals at rest, and it was observed that 

some of the samples contained urate and/ or tyrosine, while other samples 

did not. 

Most horse HPLC profiles showed a significant peak of tyrosine. The figure 

below shows a typical HPLC trace illustrating this: 

-260nm 

~ 0.25 ------ 2BOnm 

~ 
(; 
• .c 

'" 

5 10 15 20 25 
Time (min) 

FIGURE 2: Typical horse HPLC profile showing both a Tyrosine 
and a Uric acid peak (as indicated in red letters). 
UA: Uric acid, TYR: tyrosine 

The average amount of tyrosine present in the horse erythrocytes that were 

analysed was approximately 200I-lM. 
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The levels of unc across even 

sarne This is illustrated in 3 

HPLC traces arc 

A on variations in 

lhal urale 

due to a 

exercise In an of urate in 

urate level increase a 
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[13] 
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0.0 
0 

0.1 
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\:\J 
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Time (min) 

Ho.r.8.eJe_~c_elLext.ractJ 
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! 
I 
~ 

20 25 

o.o+-_E:!2:>"i'-L~:;;r::i:i2~~="'i"'~~''''''~='''~~ 

~ 0.1 
c 
ro 

..Cl o 
IF> 
.0 
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Time (min) 

H.1l.Inall..Le.~c_elLex.tnu;t. 

Al l> 

Time (min) 

260nm 
280nm 

260nm 
280nm 

260nm 
280nm 

FIGURE 3: HPLC profiles of human and horse red cell extracts. Horse 
and human samples were injected into the HPLC column 
in volumes of lOOJ.t1 and 50111 respectively. ATP levels were 
higher in human because the sample was analysed 
shortly after blood collection, whereas horse samples 
were analysed days after blood collection. 
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figure 1 section 2.5). 

Urate concentration values obtained from the analysis of horse cell extracts 

are given in the table below: 

Table 2; First sampling: Urate concentrations (in ).!M) in horse erythrocytes. T" 24hrs before the race, T2: 
Immediately after the race, TJ: Ihr after the race, T.: 24hrs after the race, and Ts: 72hrs after 
the race. 

The symbol * is used to indicate samples that were not collected because horse owners were 
unavailable or unwilling for blood samples to be taken from their horse(s). 

A B C D F G H 
Tl 56.4 0.0 0.0 0.0 67.6 0.0 0.0 

T2 118.4 0.0 422.0 7.6 0.0 0.0 0.0 

T3 108.8 0.0 824.0 35.2 157.6 0.0 32.4 

T4 0.0 0.0 658.4 11.6 00 0.0 

T5 160.0 0.0 393.6 148.0 0.0 0.0 125.6 

In this table one can see that, of the eight sample series analysed, only six 

showed clear urate level variations in relation to the time. 

-- ----
Urate levels in horse red cell extracts 

900

1 
800 · 

:2 700 
::J 

IliA 
OB 

C 600 .Q 
1§ 500 C 

oC 
li D 

OJ 
u 400 . c DF 
0 
u 300 
OJ 

JI G 

1§ 200 ::> 

100 

0 • I , 
OH 

ITI [1., 
. J I 

2 3 4 5 

L Timepoints 

FIGURE 4: Histogram of urate concentration in thc horse red cells at the different 
timepoints. Concentrations are in ).!M and timepoints are as follows: 
TI - Ts are defined in Table 2. 
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Table 3: Second sampling: Urate concentrations (in ~M) in horse erythrocytes. TI: 24hrs before the race, T2: 

Tl 

T2 

T3 

Immediately after the race, and T3: Ihr after the race. 

A B C D E F H I J K L 

47.0 144.2 0.0 0.0 73.4 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 99.0 0.0 0.0 120.4 0.0 0.0 0.0 0.0 0.0 0.0 

12.3 165.2 0.0 0.0 103.8 0.0 0.0 0.0 0.0 0.0 0.0 

Figure 5 shows that only 4 of the 12 horses showed significant amounts of 

urate (A, B, E and X), and 3 out of those 4 samples showed urate at all three 

timepoints (B, E and X). No consistent trend was thus observed in these 

horses. 

Extracts urate levels in the second race 

180 

160 
~ 140 2 
:::l 
~ 

c 120 
0 
.~ 100 
c 

Al 
II B I 

CJ.) 

80 u 
c 
0 u 60 CJ.) I

DEI 

OX 
~ 40 :::> 

20 

O+-
2 3 

Timepoints 

FIGURE 5: Histogram of urate concentration (J.lM) in horse erythrocytes 
during the second sampling. 
TI - T3 are defined in Table 3. 
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3.1.3 Third sampling: 

In the hope to obtain more consistent patterns of urate level variations, the 

the timepoin ts for blood sampling of this third sampling (which took place 

during a 9-week training period) were set over a longer period of time: 

T l: Before training 
T 2 : After 9 weeks of training 

The urate concentrations values that were obtained after HPLC analysis were 

the following: 

Table 4: Third sampling: Horse erythrocyte urate concentrations (I-lM) 
over a 9-week training. TJ: before training, and T2: after 9 
weeks of training. 

A B c D 

Tl 32.8 00 0.0 0.0 

T2 30.0 0.0 15.4 178.2 

E 

17.2 

113.8 

F 

114.4 

176.8 

G 

0.0 

186.4 

Urate levels during the third experiment 

200 -

180 -

~ 
160 

2. 140 -
c 

.Q 120 "§ 
C 100 -
Q) 
u 
c 80 0 
u 
Q) 60 
"§ 
=> 40 

20 

- , 
Timepoints 2 

H 

0.0 

141.2 

II A 

DB 

DC 

liD 

DE 

II F 

DG

1 
IIH 

FIGURE 6: Urate concentrations (I-lM) in horse red cells over a 9-week 
training. 
TI and T2 are defined in Table 4. 
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As figure 6 illustrates, urate was already present in 3 of the horses (horses 

A, E and F) before exercise. After a 9 -week training period, all horses showed 

an increase in the erythrocyte urate concentration (with the exception of 

horse A, in which urate levels did not vary much). Horse B, however, showed 

no trace of urate at any of the timepoints. 

The statistical significance of these results was evaluated using a statistical 

simulation performed using TRUE BASIC. The algorithm designed for this 

test was the following: 

CLEAR 
Input prompt " llow many individual!'! nlFflsured')": N 
RANDOMIZE 
LET CC,CCC,CCCC~O 
FOR J= I TO 10000 

LET CaQ 
FOR K~I TO N 

IF RND>.5 THEN LET C=C+l 
NEXT K 
IF' C=N THEN LET CC=CC+ l 
IF C=N-I THEN LET CCC=CCC+ 1 
IF C=N-2 THEN LET CCCC=CCCC+l 

NEXT .r 
PRINT 
PRINT "rr equency of";N;"out of ";N;"=";cc/ 100;"%" 
PRINT "Prequency of";N- J ;"ou t of ";N;"=";ccc/ 100;"%" 
PRINT 'Prequency or;N-2;"out of ";N;"=";cccc/ 100;"%" 
END 

Since only 7 of the 8 horses showed any trace of uric acid, the number N 

was set at 7 . According to this simulation, the chances for uric acid levels to 

increase between timepoint T, and timepoint T2: 

(al in 7 out of7 horses was 0.90% 
(b) in 6 out of7 horses was 5.01 % 
(c) in 5 out of 7 horses was 16.72% 

This simulation shows that the likelihood for urate levels to increase in 6 of 

7 horses is 5.01% , approaching the determining value of 5% for statistical 

significance. However, a bigger sample size is needed in order to obtain more 

reliable results. 
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FIG-jJRE 8: Time t1uorescence of BPE after addition of AAPH in 
the presence of Blank: pluill PBS, Trolox: Trolox. UA: ] 
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RBe-extracts were diluted in PBS (1 :20), and then added into the reaction 
euvettes as described in Materials Hnd Methods 
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HPLC profiles of representative samples of this experiment are given in figure 

11 below. One can see from the graphs that uric acid levels were lower in 2a 

than in la (2a was extracted and analysed after an incubation on ice for 

3hrs, as opposed to 1 a which was extracted and analysed immediately after 

blood collection); the urate level decrease from 1 a to 2a is likely to have 

occurred during the 3hr-period of incubation of erythrocytes on ice. 

la 2a 

0.07 0.07 

0.06 0.06 

0.05 0.05 

Q) I '" 0.04 <.) 0.04 <.) 
c; c:: 
ro ro 
.0 .c 
0 0.03 

j 
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'" <IJ 
.0 .c 
..: ..: 

0.02 : 0.02 
: 

~ 
0.0 I 0.01 

~ 
...... '-. ---- ~ 
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.. -.--.-~----.... -
0.00 0.00 
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006 0.06 

0.05 0.05 

'" Q) 
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0.04 
<.) 

004 c:: c:: 
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0.03 '" en 
.c .c 
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0.02 0.02 
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FIGURE 11: HPLC profiles of representative samples. The urate peaks displaying the 
characteristic 280/260nm absorbance properties are indicated with a red 
arrow . 

............ ; Absorbance read at 280nm 
: Absorbance read at 260nm 

Erythrocytes in samples 3a and 4a were incubated for 3hrs at 25°C and 

37°C, respectively. They were then extracted and analysed immediately after 

incubation. The marked decrease of urate level is quite apparent in these 
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two samples, and it occurred faster at 37°C than at 25°C, strongly indicating 

that urate is unstable in erythrocytes at temperatures higher than O°C. The 

histograms below illustrate this better. 

,-
-_., _ .. ~- - .- ~ -

a) Immediate extraction 
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FIGURE 12: Histograms of urate concentrations in the 
temperature experiments. Sample labels 
indicate experiments described in figure 9. 
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a) Urate_(25J.lM) 

0.07 

0.06 

0.14 ~ 
lIA 0.12 

0.05 

.., 
u 

0.04 C 

2 .... 
0 0.03 
1l « 

.., 0.10 
u 

~ 0.08 
.... UA 
0 

'" ~ 0.06 « 
0.02 

0.04 

0.01 
0.02 

0.00 
0.00 '____.-c.-.. ------.. -.--.---

0 S 10 IS 20 2S 30 0 S 10 15 20 2S 

Time (min) Time (min) 

FIGURE 13: HPLC profiles of the uric acid catalysing reaction a: control (25J.1M UA), b: uric 
acid (25J.1M), haem (lOJ.lM), and H202 (2mM). 
Urate products are indicated by arrow heads in figure 13b . 

............. : Absorbance read at 280nm 
___ : Absorbance read at 220nm 

In the presence of either haem or H20 2 alone urate is not significantly 

degraded (data not shown). However, in the presence of both haem and H202 

urate is rapidly converted ~ at least three products (figure 13b). 

To see whether one of the urate products generated during this reaction was 

allantoin, the reaction in 1 b was performed in the presence of allantoin, 

used here as a marker (100~M allantoin). Because allantoin has maximum 

absorbance between 220-230nm, the wavelengths used for HPLC analysis of 

the allantoin-containing samples were set at 220nm and 280nm. As seen in 

figure 14d, the allantoin marker (indicated by a red arrow) was found to 

elute between the first and the second urate product. The elution times and 

absorption spectrum between the products and allantoin are close and may 

indicate that these molecules have some structural similarities. 
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FIGURE 14: HPLC profiles showing the spiked reaction. c: allantoin (lOOIlM), d: uric acid, 
haem, H202, and allantoin. In graph d, the allantoin marker is indicated by a red 
arrow, and urate products by arrow heads . 

............. : Absorbance read at 280nm 
___ : Ahsorbance read at 220nm 

In summary, the above experiments have shown the following: 

1. urate + haem = no change 

2. urate + H202 = no change 

3. urate + haem + 1L02 = rapid conversion of urate to several products 

Allantoin is the well-known urate degradation product found in vivo in many 

mammals. It is produced in the Purine metabolism pathway during a 

reaction catalysed by uric acid oxidase (or uricase). 

For this study, reaction mixtures were set up (as shown in table 7) to 

compare the uricase reaction to the "haem catalysed reaction". 

Table 7: Experimental setup for the uricase 
reaction 

Mixture Uricase Allantoin 
(2J!Gl~11 llOOllMJ 

e + + 
f + + + 
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The experiments were performed in a similar fashion, with reactants being 

mixed together then allowed to react for 40 seconds before HPLC analysis. 

Here too allantoin was used as a marker to confinn the identity of the 

reaction products. 

e) Udcase f) Uric.as.e. +.Allantoin 

0.07 0.07 

0.06 0.06 

0.05 0.05 

... v 
u u 

E 0.04 ~ 
0.04 

... ... 
0 0.03 

0 0.03 

1l 1l 
<: <: 

0.02 0.02 

0.01 

l~ 
0.0 t 

0.00 
--....-..~.~~ 0.00 

0 5 10 15 20 25 30 0 5 ]0 15 20 25 

Time (min) Time (min) 

FIGURE 15: Uricase reaction. e: uricase (2~g/ml), and uric acid (25~M). f: allantoin (lOO~l), 
uricase (2~lg/ml), and uric acid (25~M) . 

............. : Absorbance read at 280nm 
___ : Absorbance read at 220nm 

In the same way as with the haem reaction, the uricase reaction occurred 

rapidly, generating a product (first peak in figure 15e), which for now will be 

referred to as "the uricase-urate product". Interestingly, when allantoin was 

added to this reaction as a marker, the uricase-urate product and the 

allantoin-marker did not elute at the same time. The marker (indicated by an 

arrow in figure 15D eluted slightly earlier than the "uricase-urate product", 

which came as a surprise since the "uricase-urate product" was expected to 

elute at the same position as the marker. This observation may suggest that 

the allantoin produced in the uricase reaction, does not have a structure 

identical to that of the allantoin marker used to spike the uricase reaction. It 

then follows that the third peak in figure 14b, which seems to have the same 
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FIGURE 18: Tyrosine uptake experiments. a: Control, b: Tyrosine loaded, c: Control with 
continued incubation in Hanks solution for Ihr, d: Tyrosine loaded cells 
incubated for 2hrs in Hanks, e: Hanks solution used to incubate c, C: Hanks 
solution used to incubate d . Tyrosine is indicated with a red arrow, while the blue 
arrows indicate urate peaks. 
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FIGURE 20: Urate uptake experiments. a: Control, b: Urate loaded The curve anomaly at 12-min, in these two 
figures, is an artefact of the HPLC column., c: Control with continued incubation in Hanks 
solution for Ihr, d: Urate loaded cells incubated for 2hrs in Hanks, e: Hanks solution used to 
incubate c, f: Hanks solution used to incubate d. Urate that was taken up is indicated with a red 

arrow, whereas the urate that was already present in the cells is indicate with a blue arrows_ 
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Table 8: Experiment lset up. Each 
experlmen twas penormed in 
duplicate. 

1 2 3 
No MPH No AAPH No MPH 
NoRBC l~l RBC !o~l RBC 

4 5 6 
40mM MPH 40mM MPH 40mM MPH 

No RBC 1~1 RBC !o~l RBC 
7 8 9 

80mMAAPH 80mMAAPH BOruM AAPH 
No RBC 1~1 RBC !o~l RBC 

After a 4hr-exposure to l~Ci 3H-Phenylalanine and O.l~Ci 14C-Uridine, label-

incorporation was measured with a Liquid Scintillation Counter, and label 

counts obtained from this analysis were plotted as histograms (see figure 

21. The data obtained is given in Table A of the Appendix). 
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FIGURE 21: Experiment I. 14C-Uridine (0.2~Ci) and 'H­
Phenylalanine (l~Ci) label counts on fibroblast 
cells exposed to (1-3): no AAPH, (4-6): 40mM 
AAPH, (7-91: 80mM AAPH. The number denoting 
each bar corresponds to an experiment shown in 
Table 8 with the same number. 
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Labels were added at the same activities (lJ.lCi 3H-Thymidine and O.2)lCi 14C-

IsoLeucine), and each experiment was performed in quadruplicate. 

r 20000 
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u .s 4000 
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3H Thymidine mean 
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FIGURE 22: Experiment 2 . 14C-IsoLeucine (O.2~Ci) 

and 3H-Thymidine (l~Ci) label counts on 
fibroblast cells exposed to (1-3): no 
AAPH, (4-6): 80mM AAPH. 

l 

J 

Generally, the labelling patterns that were obtained (as seen in figure 22.The 

data obtained is given in Table B in of the Appendix)) showed more variation 

for 14C-IsoLeucine, indicating, once again, that erythrocytes apparently 

enhanced uptake of protein by fibroblasts. 3H-Thymidine nucleotide uptake, 

on the other hand, remained more or less constant. erythrocyte protection 

was, however, less convincing in this experiment. 

It can be concluded that the uptake of label by the fibroblast cells is 

generally dependent on the type of substrates that the cells are exposed to. 
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The experiments performed in the presence of AAPH did not clearly indicate 

whether the efficiency in protecting against oxidative damage is species-

specific. The presence of urate and tyrosine in sample-pairs 13,14 and 

17,18, respectively, did not cause significant changes that could have 

1600 
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~ 1200 1 
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+"' ro 800 ... 
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u 400 1 .s 
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000000000 1 
FIGURE 23: Experiment 3. 14C-Uridine (O.2J.lCi) and 3H-Phenylalanine (lJ.lCi) 

label counts on fibroblast cells exposed to (1-91: No AAPH, (10-
18): 100mM AAPH. 

indicated more protection. Sample 16 showed higher uptake than the other 

samples, but the reasons for this are unclear. 

The protocol used for these experiments could be improved using a double 

label approach in order to reduce well-to-well cell number variation. Other 
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tissues, is an intriguing possibility. However, further studies need to be done 

in order to uncover the exact mechanism through which uric acid is able to 

achieve this role. 
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FIGURE 24: Scheme of possible mechanisms governing urate 
diffusion into erythrocytes. 
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1: 11C-Uridine (0 (lpCi) label counts on 
fibroblDsi cells. 

. ---~-.. ----~-----.. --"--. ---- -~~.~---- --" .. -.~- --- ------- ---- ------.-.~---~------ --- "_ . -- -",. "- -_.----" 

RBC 3H 3H mean STD dev STD err 14C 14C mean STD dev STD err -_ .. 

0 0 9152.0 9000,0 ]46.4 10:3.5 8]8,0 SHU) 21,2 
0 0 8945.0 788.0 
I 0 10548.0 10600.0 1 B.l 80 84] .0 840.0 13.4 9..5 

0 10708.0 822.0 
10 0 11415.0 11650.0 359.9 25<1.5 825.0 860.0 44.5 ~31 .5 
10 0 1 J924.0 888.0 
0 40 50?8.0 5200.0 120.2 85 269,0 260.0 15.5 11 
0 40 52'1R.O 247.0 

40 6421.0 b450.0 41.7 2C).5 340.0 350.0 4.2 :3 
40 6480.0 :146.0 

10 tfO 7829.0 7750.0 ]23.0 87 524.0 520.0 l'~. 1 10 
10 40 7655.0 504.0 
0 80 1937.0 2000.0 16.9 12 94.0 100.0 1.4 
0 80 1961.0 96.0 

80 3875.0 4000.0 165.5 117 212.0 230.0 17.7 12.5 
80 4109.0 237.0 

HJ 80 :3531.0 3600.0 94.0 h6.5 19.0 340.U 24.7 17.5 
10 80 Jb64.0 354.0 
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~_~_, __ 0' •.•• 

2: IlC-IsoLeucine (O.2flCi) and ., 
(1 flCi) label counts on 

• - __________ ~ ___________ 0'_ - . ______ 00_- __ . ___ ~ ___ ,, ____ .• _0_'"0 __ --,-____ "_0 ___ --_- __ 

RBC 3H 3H mean STD dev STD err 14C 14C mean STD dev STD err 
_____ _ 0_"" '"_ __ " - _" ___________________ ._--0-_'_--__ 0.- ______ ._0 ____ 0 ____ ._0_0_._." -- ------ --- ---"------

0 0 12635.0 10300.0 2413.9 1207.0 9586.0 9390.0 794.3 397.1 
0 0 nh\OU) 10325.0 
0 0 8638.0 8416.0 
0 0 9753.0 9213.0 

0 9063.0 1032;5.0 Ib02.9 801.5 9176.0 12110.0 1956.3 c)78.'.:~ 

() 12301.0 12962.0 
0 12342.0 13096.0 
0 121.">1.0 13194.0 

10 0 12969.0 13100.0 1446.4 723.2 14005.0 16480.0 193:1.6 96b.H 

10 0 15891.0 17718.0 
10 0 15914.0 18276.0 
10 0 14077.0 1590.1.0 
0 SO 2231.0 1950.0 190.7 9S.3 2289.0 2090.0 224.5 112.2 
0 80 2:':~43.0 2244.0 
0 80 1839.0 1803.0 
0 SO 20370 2016.0 
1 80 2763.0 2900.0 501.0 250.5 2593.0 1820.0 W)b.4 448.2 

1-)0 2741.0 2520.0 
1 SO 2797.0 752.0 
1 SO 376S.0 1393.0 

JO SO 2799.0 2400.0 18S.1 108.6 2824.0 2700.0 13'1.0 77.4 
10 80 2424.0 25:.'>6.0 
10 80 2638.0 2695.0 

___ o ___ ._~_.~ _o ___ ~_. ______ ~o~ _________________ ~ _______ • 
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·-~ - . __ .. _---_.- "" .-~ --_. --_. __ .- _._-_ .. _--_._-_._- ._-_._-_._---

'") C) ,L.fl ~l and 3H (lpCi) label counts on fibroblast 
h 1: urate· horse 
112: horse with flO 

Ff: hU111,:lfl 

Rh: black rhinoceros erythrocytes 

- .. - ~-.-- -----.---~--

AAPH 
3H 3H mean STD dev STD err 14C 14C mean STD dev STD err _._. - _ .. -_ .. - --.-. ---"- --'-"--'--" .-... _-----------.- .. _------------- ~-------- - --- ---- ------_._------

n 0 6615.0 7900.0 1180.4 681.5 800.0 1010.0 181.7 104.9 
0 0 8357.0 10'18.0 
0 0 8866.0 1 154.0 

-~.-.---.-.-- .. -~- .. ---------- --- --- --_. -------------"--- - _ .. _- - - ---- _ .. - - ----- _._--- .. ------------." 

H -- -"--_.- ---_. __ ._-----"-----_._----- .. _,_._--"--"-----_._-------------

0 ]0125.0 9600.0 H03A '101.7 1287.0 1230.0 173.1 86.5 
0 1OH4.0 1231.0 
() 91-180.0 1395.0 
0 8461.0 986.0 

10 0 13561.0 1257;=).0 747.5 3n.S 1431.0 USO.O 60.0 30.0 
]0 0 12~;OI.0 1366.0 
]0 0 11745.0 1301.0 
10 0 1272Q.O 1422.0 

hI 
0 llUl5.0 8700.0 1341.:3 670.6 1210.0 1030.0 208.3 104.1 
0 7:387.0 793.0 
0 78;) 1.0 89.'5.0 

0 10] 06.0 1184.0 
]0 0 13450.0 13350.0 471.7 2:35.9 1237.0 1290.0 79.0 39.5 

10 0 J :109;).0 1271.0 
10 0 14102.0 1406.0 
jO 0 1:)] 08.0 1244.0 

- ---"---~ .. ----

h2 
-_.- -, -----"~ ----- -- -.---------~---"- ~-- - ----- "--~--.-.. -.. --- --- - "-------

0 94H7.0 7600.0 23:38.8 1169.4 1 193.0 890.0 33508 167.9 
0 5284.0 570.0 

0 9790.0 11.'52.0 
0 5959.0 615.0 

10 0 10297.0 1 1500.0 1042.3 521.1 (J72.0 1200.0 195.8 ()7.9 

III 0 12849.0 1448.0 
10 0 11527.0 I 162.0 
10 0 1159H.O 1212.0 

. --------- -- - -------

Rh 
0 8;:> 13.0 6250.0 2334.1 1167.0 12:!9.0 870.0 35.7 21 .8 
0 3568.0 34tJ.O 

0 7964.0 1230.0 
0 5198.0 671.0 

10 0 8869.0 5975.0 2827.1 1413.5 1013.0 670.0 352.7 176.4 
10 0 790'1.0 QOI.O 
10 0 J042.0 271.0 
10 0 4164.0 462.0 
0 100 1410.0 1 :)00.0 146.5 73.3 148.0 150.0 28.S H.3 
0 100 13;')4.0 178.0 
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